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(g) Antiproliferative derivatives of 4H-naphtho 1,2-b pyran. 

(§) A pharmaceutical compound of the formula 
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in which n is 0, 1 or 2 and R 1 is attached at any of the positions 5, 6, 7, 8, 9 or 10, and each R 1 is halo 
tnfluoromethyl, C,_ 4 aJkoxy, hydroxy, nitro, C,_ 4 alkyi. C,_ 4 alkylthio, hydroxy-C t _ 4 alkyl, hydroxy^ 
C^ 4 aJkoxy, trffluoromethoxy, carboxy, -COOR 5 where R 5 is an ester group, -CONR 6 R 7 or -NR e R 7 where 
R and R 7 are each hydrogen or C,_ 4 aikyl ; 

R 2 is phenyl, naphthyl or heteroaryl selected from thienyl, pyridyl, benzothienyl, 
benzofurangyi or benzimidazolyf, said phenyl, naphthyl and heteroaryl groups being 
substituted, or R 2 is furanyi optionally substituted with C 1 _ 4 alkyl ; 

R 3 is nitrfle, carboxy, -COOR 8 where R 8 is an ester group, -CONR 9 R 10 where R 9 and R 10 are each 
hydrogen or C,_ 4 alkyl, or R"SO r where R 11 is C,_ 4 alkyl or optionally substituted phenyl : and 

R 4 is -NR«R« -NHCOR", -NfCOR 12 )* or -N=CHOCH 2 R* 2 where R' 2 and R« are each hydrogen or 
C,_ 4 alkyl optionally substituted with carboxy, 

O 

ii 

-<> 



where X is C^ alkylene, or -NHSO2R 14 where R 14 is C,_ 4 alkyl or optionally substituted phenyl ; 

provided that when n is 0, R 3 is nitrile and R 4 is -NH2, R 2 is not phenyl or phenyl substituted in the 
para-position with a single chloro, hydroxy or methoxy substttuent ; 
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and salts thereof. 
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This Invention relates to pharmaceutical compounds, the or preparation and use. 

The synthesis of certain phenyl-substituted naphtho I1,2-b] pyrans Is described by Elagamey A. et al in 
Indian Journal of Chemistry, 29B, 885-886, (1990), and Collection Czechoslovak Cbem. Cornmun., 53(7), 
1 534-1 538, (1 988). No biological properties or activity are ascribed to the compounds disclosed. 
5 The compounds of the in'mention have the formula: 




In which n is 0, 1 or 2 and R 1 Is attached at any of the positions 5, 6. 7. 8, 9 or 10, and each R' is halo, trifluor- 
20 omethyl, C^ alkoxy, hydroxy, nitro, C,^ alkyl, C,^ alkylthio, hydroxy-C^, alkyl, hydroxy-C,^ alkoxy,trifluor- 
omethoxy, carboxy, -COOR5 where R* is an ester group, -CONR e R 7 or -NR 6 R 7 where R e and R 7 are each hy- 
drogen or C^ alkyl; 

R 2 Is phenyl, napht hyl or heteroaryi selected from t hienyl, pyridyl, benzot hienyl, quinolinyl, benzofurangi 
or benzimidazolyl, said phenyl, naphthyl and heteroaryi groups being optionally substituted, or R 2 isfuranyl 
25 optionally substituted with C^ alkyl; 

R 3 is nitrite, carboxy, -COOR 8 where R 8 is an ester group, -CONR 9 R 10 where R 9 and R 10 are each hy- 
drogen or C^ alkyl, or R 11 SO r where R 11 is alkyl or optionally substituted phenyl; and 

R 4 is -NR1 2 R« -NHCOR' 2 -N(COR^ 2 or -N=CHOCH 2 R' 2 where R« and R« are each hydrogen or C^ 
alkyl optionally substituted with carboxy, 

30 
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where X is C^ alkylene, or -NHSC^R^ where R 14 is C^ alkyl or optionally substituted phenyl; 

provided that when n is 0, R 3 is nitrile and R 4 is -IMH 2 , R 2 is not phenyl or phenyl substituted in the para- 
position with a single chloro, hydroxy or methoxy substituent; 

and salts thereof. 

The compounds of the invention have been found to be active in tests which show their potential for treat- 
ment of immune diseases and diseases in which excess ceil proliferation or enzyme release play a significant 
role. 

In the above formula (I), halo is, for example, f luoro, chloro or bromo and Is especially chloro. A C^ alkyl 
group includes, for example, methyl, ethyl, propyl and butyl, and is preferably methyl or ethyl. A alkoxy 

50 group is one such alkyl group linked t hrough oxygen to an aryl nucleus. A hydroxyalkyl group is one such alkyl 
group substituted with a hydroxy!, and preferably of the formula HOfCHzk - where x is 1 to 4. A hydroxyalkoxy 
group is an alkoxy group substituted with a hydroxyl, and preferably of the formula HOfCH^O - where x is 1 
to 4. C 1-4 alkylthio is alkyl linked via a sulphur atom. 

A substituted phenyl group is substituted with one or more, preferably one or two substituents each se- 

55 lected from halo, trifluoromethyl, C^ alkoxy, hydroxy, nitro.C^ alkyl, C^ alkylthio, hydroxy-C^ alkyl, hy- 
droxy-C^ alkoxy, trif luoromethoxy, carboxy, -COOR 15 where R 15 is an ester group, -CONR'W 7 or -NRtW 7 
where R 16 and R 17 are each hydrogen or C^ alkyl. Substituted naphthyl and heteroaryi groups may be similarly 
substituted. In addition substituted phenyl includes a phenyl group in which neighbouring atoms are substituted 
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by -GKCH^O-, where m is 1 r 2 or 3. 

When n is 1 or 2 and there are one or two substituents on the riaphtho nucleus they can be at any of the 
positions 5 to 10. When there are two substituents they can be the same or different It is preferred that the 
naphtho nucleus is unsubstituted or that it bears a single substituent at the 5, 6 or 9-posrtrons. 
5 When R 2 is heteroaryl it is preferably 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-benzothienyt, 3- 

benzothienyl, 2-quinolinyl, 3-quinolinyl, 2-benzofuranyl, 3-benzofiiranyl or 2-benzidimazolyl, 2-furanyl or 3-tur- 
anyl. A naphthyl group is attached at the 1- or 2- position. Such groups can be substituted at any of the available 
positions, but are preferably unsubstituted. 

A preferred value of R 2 is optionally substituted phenyl, preferably phenyl with a single substituent, espe- 
10 cially nitro or trifluoromethyl. 

The group R 3 is preferably nitrile. When R 3 is -COOR 8 . R 8 can be any ester group and is preferably 
alkyl, especially methyl or ethyl. 

The group R 4 is preferably -NR 12 R« and especially -NH 2 . 

A particular group of compounds according to formula (I) are compounds to which n is 0, 1 or 2 and R 1 is 
15 attached at any of the positions 5, 6. 7, 8, 9 or 10, and each R 1 is halo, trifluoromethyl or alkoxy, R 2 is 
phenyl, naphthyl or heteroaryl optionally substituted with one or two substituents each selected from nitro, tri- 
fluoromethyl, halo, alkyl and C 1 ^ t alkoxy or R 2 is furanyl optionally substituted with alkyl, R 3 is nitro, 
carboxy, -COOR 8 where R 8 is an ester group, or -CONRW 0 where R 9 and R 10 are each hydrogen or 0^ alkyf. 
^ and R 4 is -NR 12 R 13 , -NHCOR 12 or-N(COR 12 )2 where R' 2 and R« are each hydrogen or alkyl, or -NHS^R* 4 
where R 14 is alkyl or phenyl optionally substituted with one to three substituents each selected from 
Ci_4 alkyl, C t _4 alkoxy, nitro and halo; provided that when n is 0, R 3 is nitrile and R 4 is -NH 2 , R 2 is not phenyl 
or phenyl substituted in the para-position with a single chloro, hydroxy or methoxy substituent 
An especially preferred group of compounds is of the formula 
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40 

where R 1 is hydrogen, alkoxy or halo, and R 18 is nitro or trifluoromet hyl. The R 1 group is preferably attached 
at t he 5, 6 or 9 positions. 

It will be appreciated that when, for example, R* or R 3 is -COOH, an opportunity exists for salts to be fol- 
45 lowed. They can be derived from any of the well known bases. Examples of base salts are those derived from 
ammonium hydroxide and alkali and alkaline earth metal hydroxides, carbonates and bfcarbonates, as well as 
salts derived from aliphatic and aromatic amines, aliphatic diamines and hydroxy alkylamines. Bases especially 
useful in the preparation of such salts include ammonium hydroxide, potassium carbonate, sodium bicarbonate, 
lithium hydroxide, calcium hydroxide, methylamine, diethylamine, ethylene diamine, cycfohexylamine and 
50 ethanolamine. The potassium, sodium and lithium salt forms are particularly preferred. 

In addition to pharmaceutically-acceptable salts, other salts are included in the invention. They may serve 
as intermediates in the purification of compounds or in the preparation of other, for example pharmaceutically- 
acceptable, acid addition salts, or are useful for identification, characterisation or purification. 

When R 1 and R 3 are -COOR* and -COOR 8 respectively, the compounds are in ester form. The ester group 
55 can be any conventional group, for example, an ester derived from an alcohol, especially a C,^ alcohol. Pre- 
ferred values of R 5 and R 8 are thus alkyl. 

It will be appreciated that the compounds of the invention contain an asymmetric carbon atom which gives 
rise to enantiomers. The compounds are normally prepared as racemates and can conveniently be used as 
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such but individual enantiomerscan be isolated by conventfonal techniques if so desired: Such racemates and 
individual enantiomers form part of the present invention. 

The invention also comprises a process for producing a compound of formula (!) above, which comprises 

(1) reacting a compound of the formula 



10 



(R') r 




(ID 



15 



with a compound of the formula 
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NC 



CHR' 



(III) 



25 



to give a compound of formula (I) in which R 4 is -NH 2 , or 
(2) converting a compound of the formula 
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to a compound of formula (I) in which R 4 IS -NR^R* -NHCOR 12 , -N(COR") 2f -N=CHOCH 2 Ri2, -NHSO^ 4 
or 
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With regard to process (1), the reaction is preferably carried out at a temperature of from 0° C. to 100° C. 
and in the presence of an organic solvent, such as for example ethanol. Compounds of formula (II) are known 
or can be easily synthesised by known methods. 

The reactants of formula (III) can be prepared by reacting the appropriate nitrile of the formula 

R*CH 2 CN 

with an aldehyde of the formula 

R2CHO 

preferably at a temperature of from 20° C. to 100° C. in the presence of an organic base as catalyst such as 
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piperidine and in the presence of an organic solvent, such as for example ethanol. The nitrite and aldehyde 
reactants are known compounds or can be made by methods known in the art. 

With regard to process (2), the free enamine can be prepared by reaction (1) and subseguently converted 
to compounds in which R 4 takes other values. For example, the free amino group can be alkylated with reagents 
of formula R«X or R"X where X is halogen, or (R 12 )2S04 or (R 13 )2S0 4 to give the mono- or di-alkyfated product. 
Similarly the amino group can be acylated with an acyl halide or an acid anhydride such as R 12 COX or 
(R 12 CO) 2 0 to give compounds in which R 4 is -NHCOR 12 or 

-NKCOR 1 ^. Compounds in which R 4 is -N=CHOCH 2 R'2 are prepared by reaction with the appropriate trialkyl 
orthoformate, and those in which R 4 is -NHSOzR 14 by reaction with a sulphonyl halide of formula R 14 S(>2X 

As mentioned above, the compounds have pharmaceutical activity. They have an antiproliferative effect 
on cell division, and are thus indicated for use in the treatment of diseases where excess cell proliferation or 
enzyme release is an important aspect of the pathology. 

For example, the compounds of the invention inhibit the natural proliferation of 3T3 fibroblasts at ICa, con- 
centrations of below 1 0 n molar. 

Furthermore, t he compounds have been shown to modify the immune response by inhibiting concanavalin 
Arinduced T-ceil proliferation in the test described by Lacombe P. et al, FEBS, 3048, 191, 227-230. In general 
the compounds of the invention have an IC50 value in this test of below 10 u,M. 

The compounds also inhibit cell proliferation in an NS-1 murine B-lymphoma line, and phorbot ester-stimu- 
lated plasminogen activator synthesis in bovine retinal capillary endothelial cells. 

Inhibition of macrophage-conditioned medium induced neutral protease release in chondrocytes has also 
been observed in the test described by K. Deshmukh-Phadke, M. Lawrence and S. Nanda, Biochem . Biophys. 
Res . Commun .. 1978, 85, 490-496. ~ ~ 

Such properties show that the compounds have potential in the treatment of a wide range of diseases, 
such as for example rheumatoid arthritis, atherosclerosis, cirrhosis, fibrosis and cancer, and for the treatment 
of auto-immune diseases, such as for example systemic lupus, and in the prevention of graft rejection. They 
are also indicated for the treatment of osteoarthritis and diabetic complications. 

Furthermore, compounds of the invention have been shown to inhibit vascular smooth cell proliferation. 
This has been demonstrated by using cultured smooth cells derived from rabbit aortae, proliferation being de- 
termined by the measurement of DNA synthesis. Cells are obtained by explant method as described in Ross, 
J. of Cell Bio. 50:172 (1971). Cells are plated in 96 well microtiter plates for five days. The cultures become 
confluent and growth is arrested. The cells are then transferred to Dulbecco's Modified Eagle's Medium 
(DMEM) containing 0.5 2% platelet poor plasma, 2mM L-glutamine, 100 U/ml penicllin 100 ug ml streptomycin, 
1 uC/ml ^-thymidine, 20 ng/ml platelet-derived growth factor and varying concentrations of the compounds! 
Stock solution of compounds is prepared in dimethyl suphoxide and then diluted to appropriate concentration 
(0.01 - 1 0 fig/ml) in the above assay medium. Cells are then incubated at 37° C. for 24 hours under 5% CC>2/95% 
air. At the end of 24 hours, the cells are fixed in methanol. 3 H thymidine incorporation in DNA was then de- 
termined by scintillation counting as described in Bonin et al .. Exp. Cell Res . 181 : 475-482 (1989). 

Inhibition of smooth muscle cell proliferation by the compounds of the invention is further demonstrated 
by determining their effects on exponentially growing cells. Smooth muscle cells from rabbit aortae are seeded 
in 12 well tissue culture plates in DMEM containing 10% fetal bovine serum, 2mM L-glutamine, 100 U/ml pen- 
icillin, and 100 ug/m! streptomycin. After 24 hours, the cells are attached, the medium is replaced with DMEM 
containing 2% platelet poor plasma, 2mM L-glutamine, 100 U/mi penicillin, 100 jig/mi steptomycln, 40 ngAnl 
platelet-derived growth factor and indicated concentrations of the compounds. Cells are allowed to grow for 
four days. Cells are treated with trypsin and number of cells in each cultures is determined by counting using 
a ZM-Coulter counter. 

Activity in the above tests indicates that the compounds of the invention are of potential in the treatment 
of restenosis, which is characterised by the migration and proliferation of smooth muscle cells in response to 
injury. 

The invention also includes a pharmaceutical composition comprising a pharmaceutically-acceptable dilu- 
ent or carrier in association with a compound of formula (I), or a pharmaceutically-acceptable salt thereof. 

The compounds may be administered by various routes, for example, by the oral or rectal route, topically 
or parenterally, for example by injection, being usually employed in the form of a pharmaceutical composition. 
Such compositions form part of the present invention and are prepared in a manner well known in the phar- 
maceutical art and normally comprise at least one active compound in association with a pharmaceutically- 
acceptable diluent or carrier. In making the compositions of the present invention, the active ingredient will 
usually be mixed with a carrier, or dButed by a carrier, and/or enclosed with a carrier which may. for example, 
be in the form of a capsule, sachet, paper or other container. Where the carrier serves as a diluent, it may be 
solid, semi-solid, or liquid material which acts as a vehicle, excipient or medium for the active ingredient Thus, 
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the composition may be in the form of tablets, lozenges, sachets, cachets, elixirs, suspensions, as a solid or 
in a liquid medium, ointments containing, for example, up to 10% by weight of the active compound, soft and 
hard gelatin capsules, suppositories, injection solutions and suspensions and sterile packaged powders. 

Some examples of suitable carriers are lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum aca- 
cia, calcium phosphate, alginates, tragacanth, gelatin, syrup, methyl cellulose, methyl- and propyl- hydroxy- 
benzoate, talc magnesium stearate and mineral oil. The compositions of the injection may, as is well known 
in the art, be formulated so as to provide quick, sustained or delayed release of the active ingredient after 
administration to the patient. 

Where the compositions are formulated in unit dosage form, it is preferred that each unit dosage form 
contains from 5 mg to 500 mg, for example, from 25 mg to 200 mg. The term 'unit dosage form* refers to phys- 
ically discrete units suitable as unit dosages for human subjects and animals, each unit containing a predeter- 
mined quantity of active material calculated to produce the desired therapeutic effect, in association with the 
required pharmaceutical carrier. 

The active compounds are effective over a wide dosage range and, for example, dosages per day will nor- 
mally fall within the range of from 0.5 to 300 mg/kg, more usually in the range of from 5 to 100 mg/kg. However, 
it will be understood that the amount administered will be determined by the physician in the light of the relevant 
circumstances including the condition to be treated, the choice of compound to be administered and the chosen 
route of administration, and therefore the above dosage ranges are not intended to limit the scope of the in- 
vention in any way. 

The invention is illustrated by the following Examples. 

EXAMPLE 1 

3-(Trifluoromethyl)-benzaldehyde (9.2 g) and ethyl cyanoacetate (5.3 ml) were dissolved in ethanol (20 
ml) and this solution was heated to reflux temperature. Heating was discontinued, piperidine (two drops) was 
added, and once the vigour of the reaction began to subside heating was recommenced and maintained at 
reflux temperature for one hour. The solution was chilled, using an ice-water bath, water (30 ml) was added 
and white crystals of ethyl 2-cyano-3-[3-(trif luoromethyl)-phenyl)J-propenoate were f fltered off, washed with 
water and dried, m.p. 79° C. 

The following compounds were prepared in a simBar manner. 
Ethyl 2-cyano-3-[4-(trifluoromethyl)phenylJ-propenoate, m.p. 114° C. 
Ethyl 2-cyano-3-[2-(trifluoromethyl)phenyll-propenoate, m.p. 74° C. 

2- NitrobenzylidenemalononitriIe, m.p. 141° C. 

3- Nitrobenzylidenemalononitrile, m.p. 1 08° C. 

4- Nitrobenzylidenemalononitrile, m.p. 162° C. 
3-Chlorobenzyiidenemalononitrile, m.p. 118° C. 
3-Fluorobenzylidenemalononitrile, m.p. 91° C. 
3-Bromobenzylidenemalononitrfle, m.p. 105° C. 

2- (Trifluoromethyl)-berizy1idenemalononitrile, m.p. 46° C. 

3- (Trifluoromethyl)-benzylidenemalononitrile, m.p. 81° C. 

4- (Trifluoromethy1)-benzylkJenemalononitrile, m.p. 109° C. 
4-(2,2-Dimethyiethyl)-benzylidenemalononitrile, m.p. 92° C. 
3-Pyridinecarboxalidemalononitrile, m.p. 89° C. 

2- ThiophenecarboxalidemaIononitrile, m.p. 98° C. 

3- Methoxybenzylidenemalononitrile, m.p. 102° C. 
3-Trifluoromethoxybenzylidenemalononitrfle, m.p. 73° C. 
3-Chloro-4-fluorobenzyiidenemalononitrile, m.p. 111° C. 
3-Bromo-4-fluorobenzylidenemalononitrile, m.p. 122.5° C. 
3-Carbomethoxybenzylidenemalononitiile, m.p. 125° C. 

3- Hydroxybenzylidenemalononitrile, m.p. 152° C. 
2-Cyano-(3-nitropheny1)propenamide, m.p. 140° C. 
3,4-Dichlorobenzylidenemalonitrile, m.p. 154° C. 
3,4-DimethoxybenzylidenemalonitrBe, m.p. 137° C. 
3,4-(MethyIenedioxy)benzylidenemalonitrile, m.p. 201-202° C. 

4- Chloro-3-nitrobenzylidenemalonitrile, m.p. 142° C. 
2-Nitro-44hfophenecarboxalidemalonrtrile, m.p. 103-104° C. 
a-Methanesulphonyl-3-nitrocinnamonttrile, m.p. 157° C. 
4-Ruon>3-nitrobenzylidenemalonitrile, m.p. 117° C. 
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4-(1-Piperidino)-3-nitroben2ylidenema!onitrile, m.p. 154° C. 
EXAMPLE 2 

1-Naphthol (1.44 g) was stirred in ethano! (20 ml) at ambient temperature. To this suspension was added 
3-(trifluoromethyi)-benzylidenemalononitrile (2.23 g) and piperidine (1 ml). AH solids dissolved and heat was 
evolved. Crystals of 2-amino^[3-(trifluoromethyl)phenyiHH-naphtho[1^-b]pyran-3-caitonitnle came out of 
solution after a few minutes and were collected by filtration after one hour's further stirring, were washed with 
ethanol and dried. Recrystallisation from ethanol gave white crystals, m.p. 215.5 -216.5° C. 
The following compounds were prepared in a simBar manner 

Ethyl 2-amirK>-4-[3-(trifliJor^ m.p. 156.5- 157° C. 

Ethyl 2-amino-4-[4-(trmuoromethyl)p^ m.p. 124-126° C. 

Ethyl 2-amino-4-{2-(trifluoromethyt)phenylHH-naphtho [1,2-b]pyran-3-carboxytate, m.p. 144-146° C. 

2-Amino-4-(2-nitrophenyl)-4H-naphtho[1 ,2-b]pyran-3-carbonitrile, m.p. 1 42 - 1 43.5° C. 

2-Amino-4-(3-nitrophenytHH-naphtho[1^-b]pyrari-3-carbonitri1e > m.p. 214.5 - 216° C. 

2-Amino-4-(4-nitrophenyt)-4H-naphtho[1 ^b]pyran-3-carbonitrile t m.p 229-231° C. 

2-Amino^[2-(Wluoromethy1)phen m.p. 239-240° C. 

2-Amino-4-[3-(trifluororrtethyt)phe m.p. 215.5 - 216.5° C. 

2-Amino-4-[4-(trinuoiT)methy1)ph m.p. 234 - 239.5° C. 

2-Amino-6-chlorcH4-[3-(trifl^^ m.p. 179-181° C. 

2-Amino~6-methoxy-4-[3-(trifluorometh^ m.p. 216- 

218° C. 

2-Amino-4-(3-fIuoropheny»)-4H-naphtho[1,2-b]pyran-3-carbonitrae, m.p. 240-242° C. 
2-Amino-4-(3-bromophenyl)-4H-naphthoI1 f 2-b]pyran-3-carbonitrile, m.p. 234 -235.5° C. 
2-Amino-4-(3-chlorophenyl)-4H-naphtho[1 t 2-b]pyran-3-carbonitrile, m.p. 226-228° C. 
2-Amino-4-[4-(2,2-dimethytethYl)pbeny^ m.p. 240-243° C. 

2-Amino-4-(3-pyridinylM H -naphth^ m.p. 205-207° C. 

Ethyl 2-amino-4-(3-nitrophenyl)-4H-naphtho[1.2-b]pyran-3-carboxylate, m.p. 152.5- 153.5° C. 
2-Amino-4-(3-nitrophenyl)-4H-naphtho(1^-b]pyran-3-carboxamide > m.p. 205 -206.5° C. 
2-Amino-7-methoxy-4-(3-nitrophenyl)-4H-naphtho[1 f 2-b]pyran-3^itonitrfle^ m.p. 242-246° C. 
2-Amino-8-rriethoxy-4-(3-nitropheny^ m.p. 234-236° C. 

2-Amino-9-rnethoxy-4-(3-nitropheny1HH-naphtho[1,2-b]pyran-3-carbonitrt m.p. 244-245° C. 
2-Amino-3-cyano-4-(3-niUophenyl)-4H-naphthoI1^-b]pyran-6-carboxylic acid, m.p. 244-248° C. 
2-Amino-3-cyano-4-(3-methoxyphen^ acid, m.p. 280° C. (de- 

composition). 

2-Amino-3-cyano-4-(3-hydroxyphenyl)-4H-naphtho{1,2"b]pyran-6-carboxylic acid, m.p. 252-256°C. 
2-Amino-3-cyano-4-[3-(uTfluoromethoxy^ acid, m.p. 253- 

254.5° C. 

2-Amino-3-cyano-4-(3-carboxypheny1HH-naphthof1,2-b]pyran-6-carboxylic acid, m.p. >300° C. (de- 
composltion). 

2-Amino-4-(3-methoxyphenyl)-4H-naphtho[1^-b]pyran-3-carbonitrile, m.p. 139-142.5° C. 
2-Amino-4-(3-carbomethoxyphenylHH-naphtho^^ m.p. 235-236° C. 

2-Amino-4-I3-(trif luorornethoxy)phenylHH-naphtho[1 ,2-b]pyran-3-carbonitrile f m.p. 1 94.5 - 1 96.5° C. 
2-Amino-4-(3-chloro~4-f»uorophenyl^ m.p. 211 - 211.5° C. 

2-Amino-4-(3-bromo^fluorophenylHH-naphtho[1,2-b]pyran-3-rarbonitrile, m.p. 209.5 - 210.5° C. 
2-Amino-7-hydroxy-4-(3-nitrophenylM m.p. 237-239° C. 

2-Amino-4-(4-chloro-3-nitroph m.p. 249-251° C. 

[2-Amino-4-(3-nitrophenylHH-naphtho{1,2-bJpyran-3-yl>nethyl sulphone, m.p. 173° C. 
2-Amino-4-(2-nitro^-thienyl)-4H-naphtho[1,2-bJpyran-3-carbonitrile, m.p. 187-188° C. 
2-Amino-4-(4-fIuoro-3-nitropheny1)-4H-naphtho[1 ,2-b]pyran-3-carbonitrile, m.p. 218-220° C. 
2-Amino-4-(3,4-methylenedioxyphenyfHH^ m.p. 249-252° C. 

2-Amino-4~(3,4-dfoethoxypheny1^ m.p. 207-209.5° C. 

2-Amino^-(3,4-dichloropheny1)-4r^naphtho[1,2-b]pyrar»-3-carbonM m.p. 247-249° C. 

EXAMPLE 3 

3-Nitrobenzaldehyde (84.5 g) and malononitrfle (37 g) in ethanol (560 ml) were heated to reflux tempera- 
ture, with stirring. The heating was halted, piperidine (10 drops) was added and the solution was further heated 
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for 15 minutes. This solution was cooled to 5° C, using an ice-water bath, and to the resultant stirred suspen- 
sion of intermediate 1-naphthol (80.7 g) was added, followed by piperidine (15 ml). This suspension was heat- 
ed, under reflux, for 10 minutes and stirred to ambient temperature. The cream crystals of 2-amino-4-(3-nitro- 
phenyl)-4H-naphthoI1,2-b]pyran-3-carbonitri1e were f Btered off, washed with ethanol until all colour had been 
removed, and dried, m.p. 214.5 - 216° C. 

EXAMPLE 4 

2-Amino^-(3-nitrophenyl^ was dissolved in dry dimethytforma- 

mide (60 ml) and cooled with stirring, to 0° C in an ice-water bath. Acetyl chloride (12.4 ml) was added, followed by 
pyridine (14.3 ml). After stirring for three days at ambient temperature the solids that initially had precipitated had 
redissorved to give a brown viscous solut ion. This solution was partitioned between brine and chloroform, t he chloro- 
form extract was washed with more brine, dried with magnesium sulphate, filtered and evaporated to dryness. 

The residue was dissolved in a minimum of chloroform, passed through a 'flash* silica column and chloro- 
form and the fractions containing product were bulked, evaporated and triturated with ether and a little me- 
thanol. The yellow 2-diacetylamino-4-(3-nitrophenyl)-4H-naphthoI1,2-bJpyran-3-carbonitrile was fBtered off 
and washed with ether, rap. 153-154° C. 

The following compound was prepared in a similar manner 

2-WacetylamirK)^[3-(trifluorcfTtethyl)phe m .p. 133.5 - 139° C. 

EXAMPLES 

2-Diacerylamino-4-(3-nitrophenyl)-4H-naphtho[1,2-b]pyran-3-carbonitrile (3.62 g) was dissolved in chloro- 
form (200 ml) and mechanically stirred in the presence of Grade III alumina (36 g) for 24 hours at ambient tem- 
perature. The suspension was filtered, the alumina pad was washed through with 5% methanol in chloroform, 
the combined filtrates were evaporated and the residue was triturated with a little chloroform. The white solid 
was dissolved in dioxan (50 ml) and left to stand for 24 hours. An impurity precipitated out and this was filtered 
off. Water was added (200 ml) to the filtrate and the solid produced was filtered off, washed with water and 
dried. This solid was passed through a chloroform - 'flash' siica column. The fractions containing product were 
bulked, evaporated to dryness and triturated with methanol to give yellow crystals of 2-acetamido-4-(3-nitro- 
phenyl)-napritho[1 ,2-b]pyran-3-carbonitrile, m.p. 234.5 - 236° C. 

EXAMPLE 6 

2-Aminc^-(3-chloro-4-fluorophenylHH-naphthoI1,2-b]pyran-3-carbo^ (3.12 g) was heated, under 
reflux, in triethyt orthoformate (40 ml) for 24 hours. A fraction coming over at 80 to 140° C. was distilled off 
and more triethyt orthofomate (40 ml) was added, and the ref luxing was continued for a further 24 hours. The 
solution was evaporated to dryness. The gummy residue was dissolved in chloroform and passed through a 
column of 'flash' silica using 30% hexane in chloroform as eluant. The fractions containing product were 
bulked, evaporated and triturated with ethyl acetate to give white crystals of 4-(3-chloro-4-f luorophenyl)-2- 
ethoxymethyleneamino^H-naphtho{1^-b]pyran-3-carDonitrile, m.p. 146-148° C. 

Similarly produced were: 

2-Ethoxyrr^hytenearnino-4-(3-nttropher^ m.p. 181.5 - 183° C. 

4-(4-Chloro-3-nitropheny1)-2-eth^ m n 
184.5 - 186°C. 

EXAMPLE 7 

2-Amino^-(4-chloro-3-nitro^^ (3.8 g) was dissolved in tetra- 

hydrofuran (30 ml), at room temperature. To this was added pyridine (2.02 ml) followed by sucdnyl chloride 
(1.34 ml) and the solution was stirred for 24 hours. More pyridine (2.02 ml) and sucdnyl chloride (1.34 ml) was 
added. The solution was heated under reflux for 6 hours, cooled, poured into water and partitioned into chloroform. 
The chloroform extract was washed with brine, dried with magnesium sulphate, passed through a column of silica 
gel using 30% hexane in chloroform as eluant, evaporated to dryness and triturated with ethyl acetate to give 1.07 
g of 4-(4-chlcro-3-nitropher^ rap. 2 15.5 - 217° C. 
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EXAMPLE 8 

4^4-Chloro-3-nitrophenyl)-2-etto (4.3 g ) v/as 

dissolved in tetrahydrofuran (70 ml), and to this solution, with stirring, was added sodium borohydride (2.7 g), 
5 in portions. After one hour the suspension was cooled in ice-water and 1 molar hydrochloric acid (20 ml) was 
added dropwise, followed by water (200 ml). A yellow product was f iltered off. washed with water and dried. 
This material was dissolved in hot chloroform and passed down a chloroform - 'flash silica' column. Fractions 
containing product were bulked, evaporated to dryness, and triturated with ether to give 4-(4-chloro-3- 
nitrophenyl)-2-methylamino^H-naphtho[1,2-b]pyrarH3-carbonitrile, m.p. 278.5 - 279° C. 

10 

EXAMPLE 9 

2-Amino-4-(4-chloro-3-nifrophenv^ (3.8 g) was dissolved in 2-bu- 

tanone (100 ml). To this stirred solution was added dimethyl sulphate (2.4 ml) and potassium carbonate (3.5 

15 g). This suspension was heated under reflux for two hours. More dimethyl sulphate (2.4 ml) and potassium 
carbonate (3.5 g) were added. The solution was heated for an additional 22 hours, cooled, filtered, evaporated 
to dryness, the residue was dissolved in warm chloroform and passed through a 'flash* chromatography col- 
umn using 20% hexane-chforoform (1 litre) then further eluted with 10% hexane-chloroform (1 litre). The elu- 
tion was then completed using chloroform. The fractions containing product were bulked, evaporated to dry- 

20 ness and the residue triturated with diethyl ether. Recrystallisation from toluene gave yellow crystals of 4-(4- 
chloro-3-nitrophenyl)-2^imet m.p. 217.5 - 218.5° C. 

EXAMPLE 10 

25 4-(4-Chloro-3-nitrophenyl)-2-(N-succM (0.41 g) was dis- 

solved in tetrahydrofuran (20 ml). To this solution 2M sodium hydroxide was added (0.94 ml) and the solution 
was stirred for two days, at ambient temperature. The solution was evaporated to dryness and the residue 
was dissolved in water (50 ml) and filtered. To the ffltrate acetic acid (1.14 ml) was added and the precipitated 
buff N-[4-(4-chloro-3-nitrophenyt)-3-c^^ acid was filtered off, 

30 washed with water and dried, m.p. >300° C. 

EXAMPLE 11 

Soft gelatin capsule 

35 

Each soft gelatin capsule contains: 
Active ingredient 1 50 mg 
Arachis oil 150 mg 

After mixing together, the blend is filled into soft gelatine capsules using the appropriate equipment. 

40 

EXAMPLE 12 

Hard gelatine capsule 

45 Each capsule contains: 
Active ingredient 50 mg 
PEG 4000 250 mg 

The PEG 4000 is melted and mixed with the active ingredient. Whilst still molten the mixture is filled into 
capsule shells and allowed to cool. 

50 

EXAMPLE 13 

Tablets each containing 10 mg of active ingredient are made up as follows: 

55 
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Active ingredient 
Starch 

Microcrystalline cellulose 

Polyvinylpyrrolidone (as 10% solution in water) 
Sodium carboxymethyl starch 
Magnesium stearate 



Total 

300 rog 

The active ingredient, starch and cellulose are mixed thoroughly. The solution of polyvinylpyrrolidone is 
mixed with the resultant powders and passed through a sieve. The granules so produced are dried and re- 
passed through a sieve. The sodium carboxymethyl starch and magnesium stearate are then added to the 
granules which, after mixing, are compressed on a tablet machine to yield tablets each weighing 300 mg. 

EXAMPLE 14 

Capsules each containing 20 mg of medicament are made as follows: 
Active ingredient 

20 mg 

Dried starch 

178 mg 

Magnesium stearate 

2 mg 



Total 

200 mg 

The active ingredient, starch and magnesium stearate are passed through a sieve and f Pled into hard ge- 
latin capsules in 200 mg quantities. 

EXAMPLE 15 

The concanavalin A response of rat spleen cells was used as a primary in vitro assay to determine the activity 
of the compounds of the invention. Many methods for the determination of concavalin A response are described 
in the literature. The method employed was similar to that described by Lacombe P. et a], FEBS 3048 191, 227- 
230. We used 2 x 10 5 cells per culture well, and concanavalin A was employed at 1 ug/ml. 2-Mercaptoethand was 
a requirement (2 x 10M-*) and 0.25 uCi of tritiated thymidine was added 6 hours before cell harvesting. 
The following compounds have an IC^, in the range of from 0.006 to 2.0 nM 

Ethyl 2-amino-4-(3-nitrophenylHH-naphtho[1 ,2-b]pyran-3-carboxylate. 

2-Amino^(3-nitrophenylHH-naprM^ 

2-Amino-9-methoxy-4-(3-nitropheny^ 

2-Amino-4-[3-(trifluoromethyl)ph 

2-Diacetylamino^[3-(trifluorometh^^ 

2-Amino^(3-chlorophenyl)-4K-naphtrio^ 

2-Amino^-(3-fluorophenyl>-4H-naphthoI1 i 2-bJpyran-3-carbonitrile. 

2-Amino-^-(3-pyridinylHH-naphtho[1 ? 2-b]pyran-3-carbonitrile. 

2-Amino^(3-cari^ethoxyphenyl^ 

2-Amino-4-(3-chloro-4-fluorophenylH 
2-Amino^(4-ch!oro-3-nitropheny^^ 

2-Amino^-(3-trifluoromethoxyphenyl>-4H-naphthoI1,2-b]pyran-3-carbonitrile. 



10 mg 
160 mg 
100 mg 

13 mg 

14 mg 
3 mg 
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Claims 

1. A compound of the formula 



R 2 




in which n is 0, 1 or 2 and R* is attached at any of the positions 5, 6, 7, 8, 9 or 10, and each R' is halo, 
trifluoromethyi, C w alkoxy, hydroxy, nitro, C n _4 aJkyl, C,_4 alkylthio, hydroxy-C^ alkyl, hydroxy-C,^ al- 
koxy,trifluoromethoxy, carboxy, -COOR 5 where R 5 is an ester group, -CONRW or -NRW where R 6 and 
20 R7 are each hydrogen or alkyl; 

R 2 is phenyl, naphthyl or heteroaryl selected from thienyl, pyridyl, benzothienyl, quinolinyl, benzo- 
furangi or benzimidazolyt, said phenyl, naphthyl and heteroaryl groups being optionally substituted, or R 2 
is fiiranyl optionally substituted with C^ alkyl; 

R 3 is nitrile, carboxy, -COOR 8 where R 8 is an ester group, -CONR 9 R 10 where R 9 and R™ are each 
25 hydrogen or alkyl, or R"SO r where R 11 is alkyl or optionally substituted phenyl; and 

R 4 is -NR12R13 -NHCOR 12 , -N(COR' 2 ) 2 or -N=CHOCH 2 R' 2 where R« and R« are each hydrogen 
or C t _4 alkyl optionally substituted with carboxy, 



30 



35 



-N 



II 

o 



where X is C 2 ^ alkylene, or -NHS0 2 R 14 where R 14 is C,^ alkyl or optionally substituted phenyl; 

provided that when n is 0, R 3 is nitrile and R 4 is -NH 2 , R 2 is not phenyl or phenyl substituted in the 
para-position with a single chloro, hydroxy or methoxy substituent; 
or a saii thereof. 

A compound according to claim 1 in which n is 0, 1 or 2 and R 1 is attached at any of the positions 5, 6. 7, 8, 9 
or 10, and each R 1 is halo, trifluoromethyi or alkoxy, R? is phenyl, naphthyl or heteroaryl optionally sub- 
stituted with one or two substituents each selected from nitro, trifluoromethyi, halo, C,^ alkyl and alkoxy 
or R 2 is furanyt optbnally substituted with alkyl. R 3 is nitro, carboxy, -COOR 8 where R 8 is an ester group, 
or -CONRW* where R 9 and R 10 are each hydrogen or C^ alkyl, and R 4 is -NR 12 R 13 , -NHCOR" or-NtCOR^fe 
where R 12 and R 13 are each hydrogen or C^ alkyl, or -NHSO^ 4 where R 14 is C^ alkyl or phenyl optionally 
substituted with one to three substituents each selected from C,_4 alkyl, C,^ alkoxy, nitro and halo; provided 
that when n is 0. R 3 is nitrile and R* is -NH 2 , R 2 is not phenyl or phenyl substituted in the para-position with 
a single chloro, hydroxy or methoxy substituent 

3. A compound according to either of claims 1 and 2 in which n is 0 or 1 and R 1 is C^ alkoxy or halo. 

55 

4. A compound according to any of claims 1 to 3, in which R 2 is phenyl optionally substituted with one or two 
substituents selected from halo, trifluoromethyi, C,^ alkoxy, hydroxy, nitraC^ alkyl, C,^ alkylthio, hydroxy- 
c i-4 alkyl, hydroxy-C^ alkoxy, trifluoromethoxy, carboxy, -COOR 15 where R 15 is an ester group, -CONR 18 R^ 



2. 

45 
50 
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or-NR 16 R 17 where R 16 and R 17 are each hydrogen or alkyl. 

5. A compound according to any of claims 1 to 4, in which R 3 is nitrite. 

6. A compound according to any of claims 1 to 5 in which R 4 is -NH*. 

7. 2-Amino-4-(3-nitrophenyl)-4H-naphtho[1 ,2-b]pyran-3-carbonitr»le. 

8 ; A pharmaceutical formulation comprising a compound according to claim 1 , or a pharmaceutically-accept- 
able salt thereof, together with a pharmaceutically-acceptable diluent or carrier therefor 

9. A compound according to claim 1 , or a phamaceutically-acceptable salt thereof, for use as a pharmaceutical. 

10. A process for producing a compound according to claim 1, which comprises 

(1) reacting a compound of the formula 

OH 




with a compound of the formula 

R 5 

^= CHR 2 

NC 

to give a compound according to claim 1 in which R 4 is -NH 2 , or 
(2) converting a compound of the formula 

R 2 




to a compound according to claim 1 in which R 4 is -NR^R* -NHCOR 12 , -N(COR 12 )2, -N=CHOCH2R 12 , 
-NHSO^or 
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